Introduction
The traditional analysis of the location choice by a monopoly has been developed thinking of static monopolies, namely monopolies selling non-durable goods. At the same time, the spatial approach has been widely used in applications to the choice of product design. In a spatial context, the question is if monopoly power leads to the plant location which minimizes transport costs. In terms of product characteristics the question is whether a monopoly will produce the variety which maximizes the social welfare-I do not treat here the case of multiplant and multiproduct monopoly. The definition of product specification by way of spatial models, following Hotelling (1931) , is usually one of horizontal differentiation, where the consumers do not unanimously rank the different specifications of a good footnote .
In the present paper I shall make use of the definition of a "spatial network", which is familiar to students in spatial economics. Broadly speaking a location network is a set of interconnected market points. The location of a seller of non-durables on a network has been extensively studied and it is known to be socially inefficient when mill pricing is used and socially efficient when delivered pricing is used-see . Under mill pricing the consumers bear the transportation cost. However, under delivered pricing the monopolist directly bears the transportation costs. This is why the seller chooses the location on the network which is socially optimal-for the quantities he decides to sell footnote . The question in the present paper is whether a monopolist who sells a durable good will locate in the same way as predicted by the theory for standard monopolies.
Although the literature on durable goods monopoly is rather large, it has not considered so far the location problem. A summary of this literature is beyond the scope of the present paper; however, it is worth recalling some of its fundamental features. In a deterministic context it is well understood that the durable good differs from the static (non-durable) monopoly only if the seller cannot commit to a sequence of prices over time. This absence of commitment creates an incentive to reduce prices in the future; the reason is that buyers who have bought in the past do not re-enter the market so that the monopoly can sell only to consumers with lower and lower valuation for the good. This is known to be harmful to the monopolist, and I shall refer to this situation as to the 'Coase problem' from Coase (1972) . It can be shown that the monopolist intertemporal profits in the absence of commitment are lower than they could be under full commitment. The gist of the argument is that consumers will correctly anticipate the price reductions and decide the date of purchase to their convenience. The monopolist then is in competition with its future self, as today demand depends upon tomorrow prices.
Several ways to escape from the Coase problem by gaining commitment on future prices have been identified in the literature. For instance, renting instead of selling is one such escape (see Bulow (1982) ); reducing the durability (Bulow (1986)); capacity limits (De Graba (1995) ), or rising marginal cost functions (Kahn (1986) ); rationing demand is another possibility (Denicolò and Garella (1996) ). I shall show below that locating at some distance from the market nodes on a spatial network is also a way to escape from the Coase problem. Indeed, by locating at a sufficient distance from a given market node, the monopolist creates a lower bound for his future price on that node, exploiting the existence of transport costs. This is a way to buy some commitment on future prices. The need to gain commitment then, as it is shown below, may lead the monopolist away from the socially optimal location on a location network with several market nodes.
The result of inefficient location is obtained in two different examples; in both the location network displays two market nodes connected by an arc. The time horizon is of two periods. In the first example (in Section 3 below) the presence of two market nodes is not essential to the argument which, instead, rests upon the property that the inverse demand function be discontinuous. The driving force is represented there by the commitment not to serve in the second period low valuation consumers on one of the two market nodes by locating at a sufficient distance from it. The monopolist who locates at the profit maximizing spot manages to sell only at the first period; nevertheless, the location choice depends upon the discount parameter. By contrast the socially optimal location does not depend upon discounting. The monopoly location, furthermore, is not on a vertex of the network, a feature that breaks the correspondence between the monopoly preferred location and the "Hakimi Theorem", from Hakimi (1964) .
In the second example (Section 4 below) demand is continuous and smooth and at the equilibrium the monopoly makes sales at both periods. The presence of more than one market node is crucial in this second set-up. By increasing the distance from a given node the monopolist who price-discriminate (delivered pricing) increases the cost to bring a unit to destination. This increase in unit costs could never be optimal if there were only one market node (reducing the model to the standard non-spatial approach), in fact a non-spatial monopoly, with a smooth demand, does not find it convenient an increase in costs footnote . Here by contrast the location choice affords a way to manipulate the second period prices on both market nodes and, thereby, the demand functions at the first and second period.
One can apply the results to a model of product differentiation, after reinterpreting the geographical space as a space of product characteristics. The two market nodes here represent two alternative specifications of the good. Obviously, more general distributions of consumers over the characteristics space could be considered and the present paper in this respect only represents a cursory introduction to the topic. Mill pricing is more appropriate to the product selection interpretation. A sketchy analysis of mill pricing is contained in Section 5. Quite immediately, the result obtained for the spatial interpretation carries on, implying that the monopolist choice can be inefficient. Section 6 concludes the paper. Þ is the distance (to be defined shortly) between two points, s and s i belonging to a network. The distance between two points is defined as the length of the shortest route on N, linking the two points.
Location on a Network
A result due to Hakimi (1964) , simplifies the search for a solution to the Weber problem: Theorem (Hakimi,1964 ): The point s 5 N, which minimizes TÝsÞ, belongs to V.
The Weber problem, interpreted in an economic set-up, amounts to the minimization of total transport costs incurred for transferring quantities of an output footnote to a number of markets (the points s i in S) located on a network N, for given prices p i D at each destination in S. Total transport cost on each node tdÝs, s i Þ is made up of the per-unit transport cost multiplied by the quantity demanded at the prevailing price p i D . From the point of view of spatial economics this is clearly a relevant problem, and the Hakimi theorem a useful result. However, the Hakimi theorem leads to other interesting corollaries from an economic viewpoint. It can be easily seen in fact that a monopolist who is allowed to practice spatial price discrimination and quoting delivered prices on each market node s i , will choose the same location s D which minimizing transport costs is also socially optimal. In fact, consider a monopolist who produces at costs cÝqÞ = cÝ> DÝp i D ÞÞ; his profit maximization program shall then be written as
It can be shown that the price solution Ýp
Þ on each market, and the maximization of profits implies the minimization of TÝsÞ for those quantities with respect to s. Note again that to have the monopolist choice of s coincide with the socially optimal s for given quantities, it must be possible to practice perfect spatial price discrimination. Proposition A monopolist selling from a single outlet on N and practicing perfect price discrimination on the different market nodes will locate his outlet at the location which minimizes total transport costs TÝsÞ. This location belongs to V.
Durable Goods
Consider the following example of a monopolist selling a durable good to a population of consumers on the network to be described shortly. The time horizon consists of two periods and unit production costs are assumed to be zero to simplify the algebra. The monopolist can sell at the beginning of periods 1 and 2, and a consumer who has bought at period 1 has zero demand for the good at period 2 (durability). Each consumer buys at most one unit of the good. The possibility of renting is excluded and the monopolist cannot commit to future prices.
Assume the network N to be made of two market nodes connected by a segment of length § < 1. Market node A is located at end-point 0 and node B at endpoint § (in the notation of The location chosen by the monopolist is denoted by s, with s 5 ß0, §à. Let define the static demand and profit as those which apply when there is no second period (or, which is equivalent, when the monopolist can commit to a constant price over the two periods). Definition The static monopoly demand on node A is DÝpÞ = mináA, 2ßÝ3/2Þ ? pàAâ for v 0 < p < 3/2 , DÝpÞ = A + x for v 0 ³ p, and DÝpÞ = 0 otherwise. The static monopoly profit on node A when s=0 is
The reason for disregarding the static profit for locations different from s = 0 is that the profit# A is sufficient as a reference point, as it shall become apparent in the sequel. Assumption (A.2) implies that the static profit made by the monopolist on node A is larger if he sells at price 1 only to the high types rather than selling to everybody at price v 0 . Furthermore, it is easy to see that the price which maximizes the function pßÝ3/2Þ ? pà2A is lower than 1(in particular it is equal to 3/4) so that p 1 D = 1 is the price which maximizes the static local profit on A. This is the way in which the Coase argument shows up in the present example; the monopolist located at s = 0 would like to commit to a price sequence p 1 A = p 2 A = 1 and realize the static monopoly profits# A = A. However, once all the high valuation consumers have bought in the first period there is no way to restrain the monopolist from lowering the second period price to v 0 and serve the low valuation consumers. But then the high valuation consumers may not buy in the first period.
Here, rational expectations are assumed to characterize the expectation formation by consumers, so that a price path is time consistent only if the buyers correctly anticipate the second period price.
If the monopolist cannot commit to a price sequence then it is well known that his profit cannot exceed the static monopoly profit footnote .
Obviously, the static demand in B is rectangular with DÝpÞ = B if p ² 1 and DÝpÞ = 0 otherwise. Clearly, p D = 1 is the static optimal delivered price on market B if the monopolist locates in B. There is no "Coase problem" on node B in this example.
To develop the argument leading to the result I shall analyze first the price sequence for location s = 0, then the price sequence for locations 0 < s < v 0 , and finally that for s ³ v 0 . The maximum profit associated to each location choice is computed at each step and then a comparison will show that under some conditions on the parameters the best location is one to the right of v 0 (in fact it is just a trifle to the right of v 0 Þ.
1. Consider the pricing problem of the monopolist located at point s A = 0. Clearly, if p 1 > v 0 the monopolist has an incentive to sell at the second period to consumers who have not bought in the first period, at a price which shall be lower than the first period price. Then, since consumers can wait, the consumer v of node A at the first period buys only if the price p 1 A is such that
So that given p 1 A > v 0 , only the types with valuation larger than v *¯p
? NÞ shall buy at the first period, where p " 2 A is the second period price anticipated by the buyers. To proceed, first it must be shown that p 2
A cannot be set higher than 1 along a time consistent price path, and then it shall be easy to pin down the equilibrium price sequence for s = 0. Since the second period demand, for p 2 factor. The first Remark means that the Hakimi theorem is of no help in the case of a durable goods monopoly.
As a comment to the second Remark, note that if all sales are made at the first period the socially optimal location is not affected by the rate of time preferences. Next Section considers a case where sales are made at both periods.
Smooth Demand Functions and Discounting

Manipulating Demand through the Choice of Location
To see that the example in section 3 highlights a more general phenomenon, consider the same location Network, but assume that at each market node there is a smooth distribution of willingness to pay. In particular, let the valuation of buyers be distributed over the interval ß0, 1à at both nodes, with FÝvÞ = v J at node A, and FÝvÞ = v K on node B, where J and K are nonnegative scalars. Then it can be seen that the second period demand is given on each node by the measure of the buyers with valuation comprised in the interval ßv *, 
Ýp 1 B , sÞ ) denote the second period price which solves the problem
. Then the valuation of the consumer on node A that is indifferent between buying at period 1 or waiting for the second period price is
à, then total intertemporal profits on node A, (resp. B) discounted at period 1 arê
A , # and respectively, letting^1
The choice of p 1 A (resp. p 1 B ) is made so as to maximize profits on both nodes for any location s. This maximization affords a maximum denoted by
Þ.Using the envelope theorem and the notation
for i = A, B, one finds that the derivative with respect to s of the profit function on node A, when p 1 A is chosen to maximize profits is the sum of two terms:
As the notation suggests, ( ref: pia1 ) and ( ref: pia2 ) are the derivatives of the first and second period components of the sum of discounted profits respectively.
As
v is the derivative of profits on node A so E B1 v + NE B1 v is the total derivative footnote of the sum of discounted profits on node B. The total derivative of profits is of course E A1
One can note that in the total derivative are present four "quantity components" these are the terms ?Ý1 ? Besides these "quantity components" there appear other terms reflecting the property that by changing the second period price the values for v A and v B , which enter the demand function at date 1 and 2, change. In particular, this follows from the property that the valuation which renders a consumer indifferent between buying at date 1 or waiting depends on p 2 Ýp 1 , sÞ.
The monopolist changing his location modifies not only the current and future prices, but also on each node the intercept on the price axis of the second period demand (v A and v B ), and the intercept of the first period demand (for example for J = 1 this intercept on node A is 1 + p 2 Ýp 1 , sÞ Ý1 ? NÞ ).
Finally there appear a term for each node accounting for the effect of a change in s on the second period profits through a change in the second period price,
foc2 ) does not depend on s, the solution is at one of the market nodes (the Hakimi Theorem holds for the social optimum). This shows again that the two solutions, the one for the monopolist location, and the socially optimal one, may differ.
An Example
The expressions for the derivative of total profits with respect to s are quite complex functions. The calculations become rather easy, however in a case which can be used as an illustrative example. Let again describe the node B as one characterized by a rectangular demand: that is, the population of consumers in B is formed of identical consumers who value the good at v = 1. Let the mass of these consumers be equal to 1. Furthermore, let market node A be populated by consumers with valuation in [0, 1] , and let J = 1. Then it can be easily seen that This is a concave function of s, and for the value of N = 0.8 and § = 0.6 it is displayed in the graph in Figure-1 . Clearly the monopolist optimal location is on an interior point of the segment connecting the two market nodes.
Mill Pricing and Horizontal Differentiation
The product characteristics interpretation of the location network with two market nodes is possible if one thinks of a rather special distribution of consumers tastes or if one considers the case of buyers that can be grouped into two categories-men and women, or young and old-who prefer alternative specifications of a good. More general distributions of consumers tastes are out of the scope of the present paper footnote . In any case it is worthwhile briefly considering the location choice under mill pricing.
That mill pricing leads to inefficient locations is already well known. For instance, Gabszewicz and Thisse (1986a) refer to an example with a network similar to the one in Section 4 above, with a demand function given by maxá0, J ? Ýp + tÝs i , sÞÞ 2 â on each node, where J is a positive constant. There, a location at the center of the arc connecting the two market nodes is optimal for sufficiently large values of the parameter J.
The results obtained in Section 3 above extend to the case of mill pricing. This case implies that consumers bear the transport cost and that the monopolist quotes a uniform price to all customers. The utility from purchase of a buyer in node A, given a mill price at period t, p t say, is equal to N Consider the demand functions described in Section 3. The presence of low valuation customers, at Node A, with valuation v 0 , makes it impossible for the monopolist located at s = 0 to use a mill price sequence like p 1 = 1 and p 2 = 1. As for the case of section 3, the incentive to serve low valuation customers cannot be eliminated if the seller locates at (or close to) s = 0. Again the exercise consists in comparing the maximum profits at locations s < v 0 , and s ³ v 0 . It is not worth repeating the analysis here as nothing new is gained from it.
Conclusions
The literature on durable goods monopoly has so far neglected the location problems, and at the same time the literature on location and product specification has not been concerned with durable goods monopolies. The present paper shows that a price discriminating monopolist will not necessarily choose a socially optimal location. The reason why is that by manipulating the transport cost the seller can commit not to lower too much the price in the future on the farthest nodes from its location. This ameliorates the profits on those nodes and, if these nodes are important enough, total profits can be increased by such a location policy. Possible applications of the theory under delivered pricing include the location of a warehouse for intermediate goods which a seller delivers to different users, or the location of a service provider whose service has the character of a durable good (like a carpenter, or a plumber who charge the customer for the traveling cost and transport of materials). As for the horizontal differentiation interpretation, one may think of the design of a machine or other investment good: this can be chosen in such a way as to reduce its usefulness for potential buyers who have a low valuation for it (for instance these buyers may dislike some features that the seller can deliberately incorporate into the good). Third degree price discrimination is implied here by the delivered price model, whether on geographic space or on consumer groups, and non discriminatory pricing applies to the mill price model.
The long established literature on the welfare effects of third degree price discrimination footnote has clarified that it may not be socially optimal to compel a monopolist to use a uniform price (either a mill price or a uniform delivered price in a spatial model) as this may result in welfare losses (recent examples are Malueg and Schwartz (1994) and Layson (1994) , see also Shin, Mai and Lin (1988) , while Bilas (1969) considers multiple plant firms). The welfare comparisons in the literature generally hinge upon the quantity sold on each market or upon the suppression of sales on some of the markets. Market separability (geographic or other) is clearly essential to third degree price discrimination footnote . Location effects on welfare have also been considered as shown in Anderson, de Palma and Thisse (1992) , where an analysis is provided also of the number of different specifications introduced into a market.
The present paper does not consider the output effects of price discrimination, and the results only concern the location effects on welfare. Note, however, that in both the examples considered above (Section 3 and Section 4) the suboptimal location implies an increase in prices (lower output) with respect to those which maximize profits when the monopolist is set at the socially optimal location. For instance, in the example of Section 3 above, the monopolist excludes a mass of low valuation buyers by locating away from the (large) market node A. Imposing mill pricing does not necessarily lead to higher output, as it is clear from the discussion of Section 5.
The present paper leaves open some issues for further research. A major one seems to be the
